It was recently reported that cells derived from some chick embryos are highly resistant to infection with Rous sarcoma virus (RSV) when challenged in vitro.' A virus was isolated from the resistant cells which induced resistance to RSV in chick embryo cells. Although the virus was named RIF, an acronym for "resistance inducing factor," it proved to be indistinguishable from the virus of visceral lymphomatosis (VLV) in its physicochemical, immunological, and biological characteristics. 1 2 It has been shown that four established strains of VLV can be detected in tissue culture by interference with RSV,l and we recently observed that avian myeloblastosis virus can also be detected in this way.
It was recently reported that cells derived from some chick embryos are highly resistant to infection with Rous sarcoma virus (RSV) when challenged in vitro.' A virus was isolated from the resistant cells which induced resistance to RSV in chick embryo cells. Although the virus was named RIF, an acronym for "resistance inducing factor," it proved to be indistinguishable from the virus of visceral lymphomatosis (VLV) in its physicochemical, immunological, and biological characteristics. 1 2 It has been shown that four established strains of VLV can be detected in tissue culture by interference with RSV,l and we recently observed that avian myeloblastosis virus can also be detected in this way.
The epidemiological behavior of RIF further supported its suggested relation to VLV. RIF, for example, was found to occur in highest frequency in the embryos of a chicken flock selected for a high incidence of neural and visceral lymphomatosis. The occurrence of RIF in embryos apparently normal in every respect indicates that congenital infection plays an important role in perpetuating the virus under natural conditions. A similar picture for VLV has been reported by Burmester' who found that VLV could be isolated from apparently healthy embryos. Recently we have isolated RIF from 22 of 33 cases of lymphomatosis occurring in the field in Northern California. Since RIF and VLV have given identical results in every characteristic which has been examined, RIF should be considered a California strain of VLV.
The in vivo techniques which have been used to assay VLV are extremely cumbersome and time-consuming.4 By way of comparison the assay of RIF and various other VLV strains by interference with RSV is quick and efficient. The utility of the assay and the proximity of a heavily infected flock of chickens facilitated the present detailed investigation of the congenital transmission of RIF. The roles of male and female parents in congenital infection and particularly the relation of parental viremia and antibody titer to congenital infection were evaluated. The evidence to be presented shows that the parental flock was composed of birds with and without persistent RIF-viremia. Those with viremia had no detectable neutralizing antibody to RIF. Those without viremia had neutralizing antibody, and the titer of antibody remained relatively constant over a 10-month period.
All the viremic hens transmitted infection through the egg to most of their progeny while only one of the nonviremic hens did so. Viremic roosters failed to transmit infection congenitally.
Materials and Methods.-Source and preparation of cultures for assay of RIF and RSV: Ten-day embryos were obtained from a commercial strain of white leghorn chickens with a relatively low incidence (about 1 of which 15 were fertile, and 8 roosters. These were part of a larger study employing some 75 hens and ten roosters, and it will be reported at a later date. The parental birds averaged about 12 months of age at the beginning of the laying period, which lasted about a month and a half. At the last of four bleedings, the parental birds were about 22 months old.
Rous sarcoma virus stock and assay: The high titer stock of Bryan was used in the present experiments.' The immediate source was a pool of homogenized chicken tumors which had about 107 focus-forming units (FFU) per ml. The virus was assayed by focus formation on chick embryo cells in vitro by the technique described in 1960. ' RIF stock and assay: The RIF stock was obtained by pooling the plasmas of eight congenitally infected birds and centrifuging the pool at 5000 X g for 10 minutes. The supernate was frozen at -90'C. The virus was assayed by adding 0.1 ml of the appropriate dilution to two chick embryo cultures as previously described.' These were overlaid with agar the next day and incubated for five days before transfer to six plates. Four of the cultures were challenged with appropriate dilutions of RSV. The remaining two cultures were used for further transfer and assay at threeto four-day intervals. The results of assay of each individual serum constituting the pool are presented in Figure 1 . The titer of the pool was the average of the constituent individuals. It can be seen that there was an almost linear inverse relationship at the first transfer between the concentration of RIF and the number of RSV foci up to the RIF concentration which reduced the RSV foci by a factor of about 50. Further transfer and challenge of higher dilutions of the pool showed that the stock contained about 107 infective units of RIF per ml.
Assay of antibodies to RSV: Antisera to RSV neutralize RIF and antisera to RIF neutralize RSV.1 Because of this immunological relationship, and the ease of carrying out quantitative neutralization studies with RSV, the RSV neutralization served as a useful, but not infallible (see Results) gauge of antibodies to RIF. Sera were heated at 560C for 30 minutes before use in neutralization tests. Approximately 5,000 FFU of RSV in 1.0 ml of complete medium' were incubated at 370C for 40 minutes with the appropriate dilution of serum. At the end of this period, 0.1 ml of the mixture was assayed for surviving RSV infective particles. Antiserum to RSV was obtained from hyperimmunized convalescent chickens.
Assay of antibodies to RIF: The assay of antibodies to RIF was more complicated than the assay for antibodies to RSV, and lacked the precision of the latter. A 1:10 dilution of RIF stock was incubated at 370C for 40 minutes with the appropriate dilution of serum and 0.1 ml was plated on RSV sensitive cultures. These were transferred and challenged with RSV at five days. The number of RSV foci was compared to the number in a control to which no RIF had been added, and to another control in which RIF alone had been added. Neutralization was considered positive if the serum eliminated the RSV-inhibiting effect of the RIF, i.e., if the culture treated with the serum + RIF mixture gave as many foci upon challenge with RSV as did the RIF-free control. Fig. 1 . The numbers refer to the of the viremic hens. In determin-viremic hens. ing the titer, advantage was taken of the approximately linear inverse relationship that exists between RIF concentration in the original inoculum used to infect chick embryo cultures and the number of foci which results from challenge with RSV after one transfer. The various sera and a stock suspension of RIF were decimally diluted and 0.1 ml of each added to sensitive cultures. The infected cultures were transferred at five days and challenged with RSV. The relative sensitivities of the cultures are presented in Figure 2 . The results show that the sera of three of the viremic hens had about the same concentration of RIF as the ,stock virus, which was itself a pool of sera obtained from eight other viremic birds. The serum of hen No. 7 had about three times less virus than the others. When these results are considered together with the assays of the sera from the eight stock virus birds, a striking similarity in RIF titer is seen among the sera of all viremic birds without antibody. An approximation could be made of the number of infectious units per ml of serum by comparing these results with a similar titration of the stock virus. The titer of the latter had previously been determined as about 107 infectious units of RIF per ml by an end-point titration' after four successive transfers of infected cultures; since the individual sera gave results similar to the stock in the abbreviated single transfer titration, it can be assumed they also contained approximately 107 infectious units per ml. As the virus is thermolabile,2 virus production must be continuous and rapid in order to maintain the high levels found in the blood. Even higher concentrations of virus were found in extracts of various organs of viremic birds. In view of the findings discussed below on the plating of infected cells from rooster testes and from embryos, these observations suggest that high proportions of cells in the viremic adults were actively producing virus. A detailed representation of antibody to RSV and RIF in the individual hen sera at the beginning of the experimental period and five months later is seen in Table 2 . The results of Table 2 indicate that the anti-RIF activity of a group of sera can be adequately gauged by anti-RSV activity of the sera. In general it was found that the viremic sera with no anti-RSV activity had no anti-RIF activity (an exception noted before is viremic serum R1 in Table 1 which had substantial anti-RSV activity and no anti-RIF activity). Among the nonviremic sera, those with little or no anti-RSV activity (Nos. 2, 4, 8, 14, and 16) had low anti-RIF activity while those with high anti-RSV activity had high anti-RIF activity. The coefficient of correlation is about 0.8.
The results in Table 2 also show that no substantial change occurred in the antibody levels of the sera over a five-month interval. The situation was essentially the same at the end of 10 months, when a less extensive test was carried out.
Congenital infection of embryos: RIF infection of embryos was detected by culturing cells of individual embryos of known parentage and challenging the cultures with specified dosages of RSV. In most cases only primary and secondary cultures were tested in this way, although tertiary cultures of some embryos were also tested. Preliminary work had shown that when a high proportion of cells derived from an embryo had become infected with RIF in ovo, the primary cultures from that embryo' would be highly resistant to RSV infection. If only a small proportion of cells from the embryo was infected, the primary culture would be sensitive to RSY, but the culture would become resistant in subsequent transfers as a higher proportion of the cells became infected.
Infected and noninfected embryos are shown in sequence of laying in Figure 3 . It can be seen that the three viremic hens which laid fertile eggs produced a high proportion (86 per cent) of infected embryos. Two of the viremic hens (Nos. 1 and 9) infected all but one of their progeny, while the third (No. 3) infected five of her progeny of nine. More recent studies with larger numbers of birds show that all viremic hens produce infected progeny.
Only one of the 12 fertile, nonviremic hens (No. 19) regularly had infected progeny. It is evident from the antibody data for this hen in Table 2 that congenital transmission may occur despite the presence of relatively high concentrations of antibody. Thus, it is likely that active multiplication of RIF continues in the intracellular environment of the ova for prolonged periods while these cells are continuously bathed by antibody. Indeed, since it is well established that maternal antibody is passively transferred through the yolk, and the yolk is continuous with the cytoplasm of the ovum5 it is possible that multiplication of the viral genome proceeds in the presence of intra cellular antibody.
Only a single infected embryo among 154 was obtained from the remaining fertile nonviremic hens, i.e., the first embryo derived from hen No. 12. Subsequently this hen produced 10 noninfected embryos. Subsequent studies with larger numbers of birds has shown, however, that about one of every eight nonviremic hens in this flock is a congenital transmitter of RIF.
In contrast to the obvious role of viremic hens in congenital transmission of RIF, the viremic roosters appear to be unable to transmit the virus to their progeny at fertilization (Table 3 ). All 37 progeny issuing from nonviremic hens, Nos. 17, 18, and 20, which were mated to three different viremic roosters were uninfected. Although nonviremic hen No. 19 was mated to a viremic rooster and produced infected progeny, she continued to do so when mated to a nonviremic rooster indicating that congenital transmission was strictly under maternal control. R9. Two embryos from each hen were used to prepare primary cultures and these, as well as secondary and tertiary cultures were challenged with RSV. All cultures remained fully sensitive to RSV, indicating the embryos were uninfected and that there is no male transmission of RIF even when heavily viremic males are mated to hens with little antibody.
Another possibility which was considered to explain the failure of male transmission was that the testicular cells of viremic roosters were resistant to infection. One of the viremic roosters, R2, was sacrificed and his testes removed. To determine whether or not cells of the testes were infected and to obtain an estimate of the extent of infection, the cells were suspended by trypsinization, washed, counted, and plated on RSV-sensitive chick embryo cells. An aliquot of the testicular cells was disrupted by freezing and thawing, and also plated on sensitive cells. If the cells were actively producing RIF, the intact cells should be more effective than the disrupted cells in inducing a high level of resistance to RSV in the sensitive cultures. If the testicular cells were merely contaminated with RIF, there should be no effect of cell disruption on the speed or extent of the induction of resistance to RSV in sensitive cultures.
The results in Table 4 show that the intact cells were more efficient than the disrupted cells in inducing resistance to RSV. They induced a 50-fold increase in resistance to RSV after a single transfer of the sensitive cultures, while the disrupted cells induced resistance only after two transfers. Reference to standard curves for the titration of RIF' indicates that at least 10 times as much infectious virus was produced by the intact cells in the first few days after plating than was physically associated with the cells at the time of their disruption. At least 106 infectious units of free virus are required to induce the level of resistance found within a single transfer after the plating of 1.6 X 105 intact cells. The fact that 1.6 X 105 testicular cells released enough virus to induce this level of resistance indicates that a high proportion of the testicular cells were producing virus, and lends all the more significance to the failure of males to congenitally transmit RIF.
The proportion of infected cells in the embryos: It was observed above that cell cultures derived from most congenitally infected embryos were highly resistant to RSV when challenged immediately after explantation, suggesting that most of the cells had become infected in ovo. This seemed remarkable in view of the fact that the infected embryos were perfectly developed and indistinguishable from uninfected embryos. Indeed, subsequent work has shown that congenitally infected embryos hatch and mature in a normal manner. It seemed worth while, therefore, to seek stronger support for the suggestion that a high proportion of cells from these embryos was infected. Cell suspensions were prepared from six embryos which were derived from hens known to be congenital transmitters of RIF. Cultures were prepared from a portion of the suspended cells from each embryo and challenged immediately with RSV. The remaining portion of cells was washed free of extracellular virus and counted. The suspensions were diluted and 50 cells and ten cells from each embryo were plated on sensitive chick cultures. Aliquots of these cultureA were challenged with RSV after three transfers. If a relatively high proportion of cells was infected, it was anticipated from the standard curves referred to above1 that the plating of ten virus producing cells would induce resistance within three transfers. The results of this experiment are presented in Table 5A . The results show that those embryos which were the source of highly resistant primary cultures were comprised of a high proportion of cells actively producing virus, since the plating of ten cells on sensitive cultures induced resistance within three transfers.
Another experiment was carried out in which only ten and two cells from three congenitally infected embryos were plated on sensitive cultures. The embryos were obtained from a nonviremic hen (No. 60) with high antibody titer. This hen was not included in the organical group, but was found to transmit infection to almost all of her progeny. The cultures were transferred four times and challenged with RSV. The results in Table 5B show that even two cells from a RIF infected embryo which was highly resistant to RSV in primary culture could induce resistance to RSV in a sensitive culture. This was unmistakable evidence that a high proportion of cells in highly resistant embryos were infected with RIF.
It should be emphasized, however, that not all RIF-infected 10-day-old embryos have such a high proportion of their cells infected. In Figure 3 it can be seen that the resistance of some infected embryos can be detected only in the second transfer of cultures made from these embryos. It is likely that only small proportion of cells in these embryos are infected at the time of explantation. If we look upon the infected embryo as a clone arising from a single infected cell it is evident that uninfected daughter cells may segregate from this cell under some conditions. Under these conditions a close integration between viral and cell genomes is excluded.
Presence of RIF in unfertilized eggs: Viremic hens were separated from roosters for over a month and their infertile eggs collected within a few hours of laying.
Yolk was tested for the presence of RIF by adding 0.1 ml to RSV-sensitive cultures, and challenging the cultures at two sucessive transfers. The result in Table 6 shows that RIF was present in the yolk of unfertilized eggs. The fact that a fairly substantial level of resistance was attained at the end of a single transfer, indicates that there may be as many as 106 infectious units of RIF per ml of yolk. The average volume of yolk is about 17 ml, indicating the presence of more than 107 infectious units of RIF in the unfertilized egg. This estimate is a minimum, as the egg requires about 24 hours to traverse the oviduct and uterus. During this time considerable degeneration of the germinal vesicle and thermal inactivation of virus could occur.
Discussion.-The parental chickens in this study can be divided into two classes, the viremics and the non-viremics. Viremic birds remained viremic for the entire period of ten months. There was no sign of a decrease in virus titer at any time during this period. Nor was there any indication of antibody formation to RIF. Histological examination of these birds showed no evidence of excessive stimulation of the lymphoid system. It seems likely, therefore, that the viremic birds were immunologically tolerant to RIF. Since it is shown that RIF is congenitally transmitted, it is likely that the viremic birds became tolerant by virtue of heavy intraembryonic infection.
Neutralizing antibodies to RIF could be detected in the sera of all the nonviremic adults. The antibody titers in the adult sera remained relatively constant throughout the experimental period. The constancy of antibody level over a long period of time suggests that RIF continues to multiply in the immune animal and thus provides a continuous stimulus for antibody production. Support for this suggestion comes from the finding that hens with no detectable viremia and a persistently high titer of serum antibody, such as hens No. 19 and No. 60, can produce heavily infected embryos. Thus the multiplication of RIF in the ova can be detected through cultivation in vitro of cells from the infected embryo. If the ova had been homogenized and assayed for virus it is likely that any mature virus present would have been inactivated by antibody from the yolk and blood. Since virus can be detected in the ova of some immune birds by cultivation of cells from the embryo, it is likely that it can be found by direct cultivation of various organs of many birds with antibody.
A clear pattern for congenital transmission of RIF emerges from the present study. All viremic hens and some nonviremic hens transmit the infection through the ovum to a high proportion of their offspring. Viremic roosters, on the other hand, are unable to transmit the infection to the egg in spite of the fact that many of the cells of the testes are infected. This failure may simply be a reflection of the difficulty of infecting the mature ovum, since recent attempts by us to deliberately infect the freshly laid fertile egg through the yolk have consistently failed. It might, however, be due to the loss of virus from spermatozoa as a result of the shedding of cytoplasm and the marked loss of RNA which accompanies spermatogenesis. 6 All the available experimental evidence shows that both viral antigen and mature virus particles of the RNA-containing chicken tumor viruses are restricted to the cytoplasm. 7 The failure of male transmission is the first suggestion that the viral genome may also be restricted to the cytoplasm. This evidence is complemented by the presence of high concentrations of virus in the unfertilized female gamete, a single cell with large amounts of cytoplasm, and the uniform success of congenital transmission by viremic females. It cannot be considered as proved that the viral genome is in the cytoplasm, since RNA is lost from the nucleus as well as from the cytoplasm during spermatogenesis.6 However, the experiments tend to rule out the type of intimate association between the viral genome and host-cell chromosomes which occurs in lysogenic bacteria.
The finding that embryos may develop in a perfectly normal fashion despite infection of a high proportion of their cells is a striking demonstration of the avirulence of RIF at the cellular level. The visceral tumors which characterize lymphomatosis are not produced even among congenitally infected birds until reproductive age, and then in only a fraction of the infected birds. This relatively benign behavior would, of course, favor the perpetuation of RIF in nature since the congenitally infected birds, being viremic, would be expected to transmit the infection to their progeny. Furthermore, they serve as a continuous and rich source of virus for spread of the infection to other birds by contact. Thus the cellular avirulence of RIF permits the forging of a chain of natural history which begins with congenital transmission of RIF, followed by immunological tolerance, which in turn permits further congenital transmission as well as wide dissemination of the agent.
Summary.--Sera were collected by repeated bleeding over a period of ten months from a flock of chickens which had been selectively bred for a high incidence of lymphomatosis. The sera were assayed for the presence of RIF, a virus indistinguishable from lymphomatosis virus. The sera were also tested for antibodies to RIF and to RSV which is immunologically related to RIF. Seven of the 26 birds had high concentrations of RIF and these showed no appreciable change in virus titer throughout the period of study. None of the viremic birds had antibody to RIF and only one had antibody to RSV. The remaining 19 birds were nonviremic but had antibody of RIF, and 15 had antibody to RSV. The antibody titer remained relatively constant during the period of investigation.
Three of the four viremic hens were fertile and most of their embryos proved to be infected. There was no indication that the three viremic roosters in the study transmitted virus to their progeny despite the fact that a high proportion of cells in the testes were actively producing virus. Only one of the 12 fertile nonviremic hens regularly infected her progeny. This single case, however, demonstrated that RIF could continue to multiply in the ova despite the presence of high concentrations of antibody.
High proportions of cells in most congenitally infected embryos were found to be actively producing virus. It Very little improvment in the treatment of cancer of the breast has appeared since the work of Halsted' and Meyer2 and colleagues over sixty years ago. When at operation the axillary glands are found to be involved, the five-year survival rate is tragically low, 20-30 per cent. Attempts are being made to improve these results by more radical removal of lymph glands and channels above the clavicle and within the chest.A 4 In disillusionment some have abandoned radical mastectomy in favor of simple mastectomy and irradiation therapy. 5 The value of these procedures has not yet been determined.
A new approach to this old problem was made by Huggins and Bergenstal6 in 1951. Influenced no doubt by the studies of C. R. Moore who demonstrated that the growth of the prostate gland is dependent upon hormones from the testes, Huggins removed the testes from patients with cancer of the prostate and widespread metastases. He theorized that such cancers might also be hormone dependent. The prompt relief of symptoms and prolongation of life secured by many patients confirmed this view.
It was a natural extension of these ideas that prompted Huggins to remove the ovaries and adrenal glands in patients with extensive metastases from breast cancer. Beatson7 in 1896 had reported that regression of mammary carcinoma might follow removal of the ovaries, but little attention was paid to this significant observation. Huggins appreciated that steroids from the adrenal cortex could also promote the growth of secondary sex organs and concluded that both ovaries and adrenals ought to be extirpated in order to remove more effectively hormone stimulation of cancers of breast origin. With the isolation of cortisone and the development of an adequate substitution therapy for adrenal deficiency, this method of treatment became practical. Both Dao and Huggins8 and Cade9 have reported
